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nent"of aTibnn sealant . mammal is the formation of a Wood 

tor Xa in the presence of calcium and other ^JJ*^ Drotein Fibrinogen is a monomer that 

Fibrinogen represents about 2 to 4 grams/lrter of the blood plasma ' °™™ n - £ . d <B . 
consfets oHhree pairs of disulfide-linked polypeptide ^J^^^^^.^^ - 
SwosmaHan,^^ ,„ the fibrin . 

age of fibrinopeptides Afrom ^ rino 9 e "J"^ fibrin .1 compound. Such deavage 

compound and the subsequent ^^^^^^Slno^ by an extremely small amount, about 
of f ibrinopeptides A and B reduces the ^£ rteTFor a review of the mechanisms of blood 

6,000 out of 340.000 da.tons. but exposes ^J^^^Bm. Biochem.. 49:765-811 (1980) and 
coagulation and the structure of f .bnnogen. see CM. Jackson. 

B. Furie and B.C. Furie, Cell, 53: 505-518 (1988). coagulation, thereby re- 

Afibnn sealant is a bio.ogica.adhes.ve ^ 

suiting in a fibrin clot Conventional f .bnn sealante ««*«*« ^Sdum chloride as the second component. 

a „d fa'ctor X.H. as the first r^^^S^^^X^ 8imu,tan60U8 ^ W ** 

be concentrated from the human ^S>^SSTSSS! For an excellent Lew of fibrin sealants, 
polyethylene glycol, ether, ^^^^SfSSZ a"d P.M. Ness. Transfusion. 30:741-747 

An autologous fibrin sealant because it eliminates 

tacted from the patients own blood. The use of an^ autoiogou ^ r ^ ^ 

„ , M MM — «»• «»*» SS^ T,u»Tp«l»9»i= «> *• 
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Fibnn • fibnn II and des BB fibrin. The fibrin can be in monomeric form « Pomade 

form wherein the polymeric form is either noncrosslinked or endliM. 

15 . u , rTbrinmonomerin^ 

Fibnn Monomer- S^SELn „ in mono'merlc form or Homeric form that can besoubiK 

ized in the composition comprising fibrin monomer and wherein the fibnn 
monomer can be converted to fibrin polymer. ' BBn ^>' 

rh . Pfth/mer SLpolymerind U desanyformoffibrin,e.g..fibrinl.fibrinllordesBBf^ 

10 F ' bnn P ° ,ymW l wSe^ 

„TTc.kh„ Noncrosslinked fibrin includes any form of fibrin, e.g.. fibrin I. fibrin II or des 

Noncrossiinked Fibnn - Jjjjj™ said fibrin is noncrosslinked and can be converted to ooss- 

linked fibrin. The noncrosslinked fibrin can be fibrin monomer or noncros- 
slinked fibrin polymer. _ 

Crosslink^ Fibrin - Crosslink^ fibrin indudes any form of fibnn. e.g f tan I. f tan H or des BB. 

Crosslinked ^ ^ fe g f jbrjn pdymw tM - a 

The subject invention provides a method for utilizing a fibrin sealant ^wmprises: 
%.'2$£L*» *»> pn»id» mtfhri. « m** ~* compost - -P—" - 

p-"» <» ««* «"»"~" - d < ™ nposiaon8 " 

comprising such noncrosslinked fibrin. 
4 < tup IMPOSITION COMPR ISING FIBRIN MONOMER 
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to crosslinked fibrin, .n fact, it is ^'eved thaHibnn , «nft « i«^^>W out 
sealant Thus, the formation of the crossl.nked ^^JSteSS? IS activated factor XIII may be 
* thrombin, thereby avoiding the problems a ^ a °^^^ fibrin I comes 

the r.; h to e^» 

, 5 preferred, i.e.. fibrin monon^^^^^^^ 

be utilized to prepare an autologous f .bnn sealant d fjbri , either as f j brin I monomer or 

,t has been observed that a composrt.on ^^2^22^ to crosslinked fibrin II without 
fibrin ipoiyme, ^^^^^^^^^ coagulation. . is beiieved that 
the addition of thrombin, factor XIII and other "~^™^ wflWl| pre pared from whole blood retains 
so thisisduetothefactthatthecompc*^ 

sufficient quantities of prothrombin, factor ^^J^^V^J^ the addition of exogeneous 
that the noncrosslinked fibrin . can be eoa ^^^^i can be^tilfced in the fibrin sealant of 
thrombin and factor X..I. This ^^C^^^^""^ " "°"« 0S8,inked «*• 

crosslinked fibrin . to crosslinked fibrin I. at an . ^/'^ 
Each one of such three sources conte^ 

«, monomer in such composition does not polymenze for ^^^^^j;^ lea8t ab out 2 hours after 

can be nondynamic for at least several days. i.e.. fMn «" be P^ 8 "* 1 b,00d ' 11,9 

The- composition comprising fibrin monome or no ^^^ no ^i k ed fibrin. Such polymer 
method can result In a hydrogen *^ ««^^ by a process re- 

fin monomer or noncrosslinked fibrin be prepared in a sterile environment 
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t The plasma. ^ l * wWra ' he, 5"~2^ ?™2iZ*on orfilwton. CenWugaHon can bacarrWout 

plasma, can be removed by standard ^"J" 68 - . teb|e fat er that separates blood cells 

Thisconmsion ca'n be carried out by any technique thai s £own or to of . thrombirviate 

A preferred technique to produce fibrin, Turner «n ^^^X^ ^ the formation of 
enzyme, which todudes thrombin. P^A^^ 
fibrinfromfibrinogen.Acommonsourcetf^ 

like enzyme is purified from the snake venom. B - which forms des BB 
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Bit ±8 

* ( ) means low activity 
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and AnOTd. espedally (torn A rnatosfoma. ^^^ongthepMrnartltithellraiiblii- 
Tho IIM monomer ornorerasslnked ''»"" , propa rw W 8 moira ^. However , 

enzyme. tM*y >1- «*"••» <£*Z£*t^^ r ^l*^*m<** 

brin gel retains at least some prnthrombrn farto^ 

audi II hat the noncrosslinked f .bnn I can be «mM ta ^^™ |lcanbeutilizedinth e fibrin sealant of the 
thrombin or factor XIII. Thfe endogenous P^^"^^}^^ or noncrosslinked fibrin. 

-=gn==^^ 

reP^UbinandfactorXUIareremov^^ 

The noncrossiinked f ibnn ge hs now rea y fo^u se as a «,mpo ^ composjtion fc 

fact, it is particularly preferred to util the composition can be 
sition is autologous. If the composton is not ^^^JtonS preserved by. for example, freezing or 
stored. Storage of the in frozen or lyophilized form 

This technique that results in the formahon of the r^n^ 

noncnossiinked fibrin gei and and precipitin using va- 

one can concentrate fibrinogen by conventual ^ n ^^^ J J^ P wrfycha The concentrated fibri- 
nous reagents, e.g.. polyethylene glycol. ethe ^^ described above o, prefer- 
nogen can then be converted to the ^T^^^^^ be converted to a composition com- 
rably. since the fibrinogen isalready ^ n ^-l^^SZ^o gel. This can be carried out by 
prfeing fibrin monomer wtthout the need ^^^^^S£ m , Jnogen solution. 
Contacting the concentrated fibrinogen w,th a ^^SS!m^ * *™« u ">° n intact of the fi- 

dide and potassium bromide. The preferred concentration of the Jjjjjj ^ the |ea9t ^ of 
6.0 molar and most preferably from ^^^^^^1^^ polymerizing, 
chaotropic agent possible that still I prevent^ the be ^ to the chaotic agent 

It should be noted that it Is preferred that a s ou ^T^P^a^^ ^ow. This ensures that the 
until it is desired to convert the fibrin "»nomj of ibnn ^^^^^^^ factors, 
fibrin monomer will ^^^^^^^^ZX^^ °" 8 ^ S " Ch emb ° diment 19 
p jTed^™^ 
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composition comprising noncrossiinkedf, ri^ ton. S» the subject Invent*, 

Any support to which the , thronMe ^ecar .be ^ ^^^^^^ 
-Nonlimffingexamplesofsuiublesup^ 

one side of the fHter ^^^^J^'S^S^ ImmobBized thromb Mke e„- 
pass through the filter. Thus. '^ s ^ D fibrin pass through the filter. The noncros- 

^ne cannot pass through the fHter. b * ' he enzyme on one side of the f liter to 

linked fibrin is prepared by contact,ng ^^ 

form a fibrin monomer, which, aiong w,t h from the thrombin-like enzyme. The f k 

^nordertoimmobOfcethe^^^^^^ 
carriedoutbyany suitable ^hni^Fore^^ 

ports are: diazonium groups, .socyanate 9m«U [™™ 8 ^ ^Ino groups, n-hydroxysuc- 

We groups, dinitro fluorophenyl groups^ 

ciniLeVoups^negroupsh^^ 

supP ort results in a maxima. P»^^^^^£S^*» enzyme retaining tts activity 
. see Axelsson G. et al.. Thromb ^^T^^Z e g.. pH 4-6, can be utilized for enzyme couphng to 
with essentially no enzyme leaching. Also, low pH values. e.g.. P n 

prevent enzyme degradation. H hu n hiahlv rea ctive compound, which subsequently reacts with a func- 

(b) by means of a tresyl chloride group; 

(c) bymeansofacarbonyldiimidazolegroup; 

(d) by means of a cyanogen bromide group; and 

(e) by means of a hydrazide or amino group- ^ m (e)> tne protein te cou- 
Jn.(aHd)..the PiPlein ]s &S&&!^^^££ o> these chemistries results in a maximal per- 

^rTa^^ 

-SH groups. f . lnwpri bv couoiinq of the enzyme via -NH* -OH or -SH. 
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-NhU -OH or -SH groups. i#fo „ H at a r ortain dH to obtain optimal enzyme 

CoupHngofthe enzyme tothea^ 

binding. Generally, with standard activate <"*«P""* ZE5££3n to active groups requtes 
P ,ing of enzyme to abated support ^ 

buffering at a P H 1-2 unrts ^^^^^^^^ , owe r P H buffers (optimal coupling P H 
Table 2. 
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TABLE 2 



RI1FFERS USED IN ENZYME IMMOBILlZ ATir * M TO SILICA AND AGAROSE 



SUPPORTS 



SUPPORT 



Silica 



Gammaglycidoxypropyltrimethoxysilane 



Silica 



y-glycidoxypropyltrimethoxysilane + cyano- 
gen bromide 



Silica 



ACTIVATION METHOD 



COUPLING BUFFER 



0.1 M Sodium bicarbonate pH 8-9 10 mM 
HEPES pH 7^ 



0.1 M Sodium bicarbonate pH 8-9 10 mM 
HEPES pH 7^ m 



Cyanogen Bromide 



Water pH 7.0 0.1M Sodium bicarbonate pH 7- 
9 10 mM HEPES pH 7.0 



Monochlorotriazine 



Dichlorotriazine 
Tresyl chloride 




50 mM Sodium Acetate/1 MNaCI pH4.0 



0.1 M Potassium phosphate/1 MNaCI pH 8.0- 

SL0 

50 mM Potassium phosphate/O.SMNaCI pH 
7.7 



50 mM Sodium Acetate pH 5.5 10 mM NaBH 4 



60 ""SSiSSin be deacuvated by the covalent coupling of smaH. noninterfering amines such as etha- 
"^Mrazide or amino activated supports are employed, biocking of residua. reacUve groups foi.ow.ng en- 
zyme coupling can be acheived by use ^^"J^DOort enzyme inactlvation occurs during the tan- 
Depending on the method of J chemistry (e.g.. cyanogen 

chloride acttvation results in less loss of of enzyme activity. 

8 
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.nordertocharacte^^ 
izedtoassesstheamountofac^een^^^ 

H8emalol^1T237-(1957) and-the 52238^-- assay can be utilized. 

To assess the leaching of the enzyme fro m ^' he f .^ p P^,"^ 0 JZe e.g.. I« batroxobin. However, prior 
Leachfcg can be assayed by radio ab °'»^ This can be achieved 

to carrying out the leaching assay ; rt *" e fl ^ 

bysequentially washing the support with: 50 m ^ 5 °^ S ^ a ~ lorid J pH 10 . 0 . 100 ml 50mM sodium phos- 
cLride pH 3.0. 100 ml 50mM sod«um ^"^^^"Sl ph0 sphate/1M sodium chloride pH 
phate/1M sodium chloride oh ^.^^ SSESl*!- in' the washings, with *50% of the 

7 0 After such a washing procedure, there was no 
initial radiolabeled enzyme coupled to the support 

ifl ) Amn,.nt of Enzyme Required 

The amount of enzyme re^ed for the freest of 30-70 ro- plasma (obtained from 60-150 « whoie 
blood) is 30-200 units after about 1 ^ 1 » m.n^m«mg. jn ^ atmm 

fn thte case no blocking of remaining active groups is required. 

f hv p» flt tionof-lmmoh »^En*vm° -with Plasma Fibrinogen 

G enera-,,thereactionoftheimmo = 
proximately 30-70 ml of plasma is added to a Jr^TjJSta* a sp^l mixer or hand mixing) for approx- 

so as to pwantme relink* <»»»v ^""""^a,,^,,,,. plasma oomposWonlfsuohcom- 
-^SSKESTi a"JT« l SSS^ h^ been inverted to noncros.in.ed 

„ ,ibri The plasma compost can be ^J™-™ 

technique that is known or to be developed. Th.s can be earned ^^Stto ac^ of acllvrt«l ««*»»!!. 
1 achate the factor Xiil. e.g.. hirudin or of fibrin . or .. requires 

e.g.. by means of heavy metals ^Hg). ^^^^^^ composition. crosslinWng of 
the presence of calcium ions. Thus, if the cafcium is remove h ^ ^ ± ^ chem 

« the fibrin . or .1 can be inhibrted. See C ^^^^Js can be added to the composition to 
258:10530 (1983) and Kana.de £ al. ^"^g^, blnd to the calcium, thereby preventing the cross- 
prevent the crosslinking of the f.brin l or ";S U ™.^ 

linking. Any calcium chelator carH ^™^^ZZSce*c acid (NTA), hydroxyethylenediamine-Wa- 
charic acid, ethylenediammetefraaceti add I (EDTA), ™\ (EDDHA), ethyleneglycolbis (2-am.no- 

60 cetic acid (HEEDTA). ethylenediaminedi-[o-hydroxyphenylaceuc : ac«H # 2 ^ iarnlnocyC lohexanete- 
Sether tetra-acetic add <^TA). dieth = ^ acW 
trJcetic acid (DCTA), W"* 1 *^ 

(HEPES) and N-hydroxyethylimino-diacetic acid (HIMDA) and sans mar 

ft*" 80 "- . . ^, nn h- utinzed in the subject Invention. The fibrinogen In the 

M Any cell culture that can secrete f .brinogen ^^^^ b ' y thB techniques as those de- 
ce..c,.tu re canbe^ 
scribed above with respect to plasma. However, pnui 
be removed. 
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. a f rt n/vu«- HEPG2 cells are grown and maintained as described by stan- 
The process can be earned out as follows HEPG2 cens an grewn seed _ 

buffered with 5% CCV ^™ 0 h *nH rpnlaced with serum free medium containing 

secutive changes of serum free .media , to remove any ^ de bris and the clarified 

ferably. the thrombin-like enzyme is .mmob.taed Araboof ^^^l a ^ MVtmavmm 

prising a fibrin monomers uUizad This is l «f^"J* , 2^ herthe( i b rt n polymer ultimately crosslinks. 

secrete the chains in a form that is capable ° f fo '™^ noncrossliSed fibrin 

position can then be utilized to produce the «^P"^ n ^™^ ^^Sit secrete fibrinogen. How- 
P by thesametechn ? ues^ 

The cellular debris can be removed by J"****" <«™^ composition comprising a fibrin mono- 
The use of recombinant fibrinogen , fe polymerthat 
m er is utilized. This is because it .s believed that *u«* « ^ s ™" « since the recom- 

the formation of the fibrin in the form of a fibrin "^^^^Jl^lllS^ corn- 
is preferred that the composition compns.ng ""^J* "J ^SSSdout by solubilization of the 
prising fibrin monomer, be in oHgomenc or monomenc form. Th.s can be carnea , y , .... 

composition comprising noncrosslinked fibrin. nnn( . inked f ibrin formed by means of a thrombin- 
Solubilization is particularly preferred whenthe ."on^mjeed J bnn * forme * e 

like enzyme that is immobilized on a ^ ™ polymer being asso- 

hnmobflized on a support generaMy »*« H« ^nonmjj JJ£™ £ ^ not be , n the re- 

fibrin the support, along with the immobilized enzyme developed that results in a fibrin 

Static 8Cld, cysf.lc.cld. ^f'^JSSS'SS prtfl* «> 
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fetably from about 3.5 to about 5.0 molar. chaotropic agent possible that stBI sol- 

1 ^eSora^^ 

ecus solution comprising fibrin monomer. It . ^[^^b^Zrri to about 200 mg/ml. even more 
solution be no less than about 10 JT^^ mg/ml to about 50 mg/ml. 

preferab.yfromabout20mg/mi^ 

If a thrombin^ m ™ bA ™*™**Z ^ after solub i,iz a tion the immobilized enzyme can be re- 
in the composition comprising noncrosshnk ad f ^^fT ™ out by> for example, filtration 
moved fromthec^ositton^^^ 

position comprising fibrin monomer is jto use •^^T^^SZ^^'^^^ 

UmefoHowingsoiubi.^^^ 

ieved by use of an affinity mamx, e.g.. a 

thrombin-iike enzyme or an ton 'fT!^^^,!!^!^ non-covalent binding constants 
din-biotin system. The ^^l^ZT^M ^et Methods of Biochemical Anaylsis. 26:1(1980). 
(Kos =10-i*M) seen In nature. See E.A ^^^^ZoM and the biotin-batroxobln conjugate 
In this process, biotin is 00 ^ . ^^'J* BU^ius 50 rrd plasma reacted at 37°C for 10 minutes, 
(which is soluble) is directly reacted w.th f^^^S^„i resolubBized in approximately 4 
The Fibrin I pdymer produced is *^^SSS^dSa^^M I solution is added a molar 

0.2M sodium acetate pH *° ^^^^^ 
excess of avidin coupled to ^^iSZ SZdon resulting in a composition comprising f ibrin 

afib rrdtgt«noneembod^ 

substantially free of the ™^2^^ in the composition is at levels 

■. enzyme has been removed. « "^SS^^ * «* invBntk,n desired to 

insufficient to provide any undes.red P h * ma ^^^Z^«t between about zero and 10 percent of 

h^rr^^^ 

of the oriohal fibrinogen to '^jj^^^J^^^^^^rtib^fermedlately after It is prepared. In fact, ft 
Tteoomposltton eompnsmg the f.bnn ™"»™' ~" fc preparat | m when the composition Is 
Is partculsrly preterm BuHte. such . rj?*^^ TprepiLn. the composition can b. store-. 
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u . . Aor it believed that the composition in frozen or lyophflfeed 

phBized. at time of use. it te preferred ^r^^^^. e . 9 , acetic acid, or if a choatropic 
buffer that was utilized in th^ubDizaton step. In reconstitute the .east 

agent was utilized, by the addrtmn o dshlled wate r. . ttlnWM oud h 

amount of acid buffer solution or distilled ZLm can resuit in an aqueous 

soluble, in fact, reconstituting a lyopMaed h "P to 200 mg/mi. Prior to lyophil- 

sdution comprising fibrin monomer «* e ' e ^ 

rp^a 

3d ^pin b ^^ 

sion. emuision or solid, with a solut on be,n* ^^ISSSS?!*""-^ ^0** 
prior to use. cniution but of course, it Is preferred that the solvent be 

" ter r^asus P ens^ te that r 
solvents, e.g.. ethanol. to a final ^J^^^^^ be washed with organic phase 
will precipitate and can be recovered by ^9 a ^ sus P ension ° f m0n0meriC 

to remove the aqueous solution used m djrecU J, a wound site. The organic 

can then be applied directly to a bandage or ot " J^Eto the SUS pension can be rehydrated by 
phase is allowed to evaporate. In the case of a ^^*^?Xn iaid to polymerize, 
contacting with the site of application or -""^h™" £i£d. K highly volaSe Vhase. e.g.. diethyl 
Alternatively, an organic suspens.on of f .bnn "^X^e desfred ste {^referable that the volatile 
ethe,mightbea«om- E eda^^ 

^fibrin se.^ 

comprislngfibrinmonomerornon(^sl.nkedf.bnnandcon^ thereby forming the fibrin clot 

cJLked fibrin to cros,^ 

For the purpose of the subject ■"^.*^5"J!^Jfi n sealant 0 f the subject invention. Also. 
Cot What or where the desired site ***^%X™ XeT^Z in humans but also in other 

^derived from the same species that the fibrin that „ ^ or to be developed for 

Thefibrin sealant of the subject irr^^ 
a fibrin sealant The methods kits or ^^^^^TZ in vascular surgery include pro- 
or organs, stopping bleeding. hea ''"9 "™ d ^ left ventricular suture lines; 

viding hemostasis for stitch hole ^^^ZSZTs^^^; and oozing from venous 
aortotomy and cannulation srtes; invention is also useful for sealing of 

bleeding sites. e.g. at atrial. <^\«W™to^™»^> dud fibrln rafts ^ ceil growth, 
dacron artery grafts prior to grafting ^ ""^^'Jl ana other parenchymatous or- 
stopping bleeding from e^Tia^s of the lung, sealing bronchia, 

gans; sealing tracheal and bronchtal anastomoses and lajlww technique), and 

sUps.bron<*ial fistulas and eso^^^^ 
embolization Avascular ^ 

rices, -pumping' Gl bleeders ^^JS^^Si^ teeth eXtraCtton8 *"* app,icati0nS - 
invention 9 , esoecfcHy sutted for [^SSSS^Soo^ noncrosdlnked fibrin 
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Ration, it is believed that frorr .about J^ 0 ^^^^^^ 

fibrin-sea1ant-However.depend.ngon i **^^^2hSfMS in polymerform Is utilized or the com- 

crosslinked fibrin to erossl.nkedf.brin concu » ^ d ^ the de8|red 

and such contacting stepc^rv^hinab^ 

site. Thus, concurrently can mean that after the ~ nt acfcn9 s^ p ' ™ ™ • d t b contacting the conv 
mer or the noncrossiinked fibrin is converted «ja Thte ^J^^Zm applied to the 

position comprising fibrin monomer or " on ^'* ed f ^ or the noncrossiinked 

Sired site, with a composition that can T^^^^JSIb minutes after the con- 

^oncrLinked^^^^ 

C^ncurrenUycanalsomeanth^ 

ZZer to fibrin poiymer or the noncrossiinked fibrin to oosslnnkBd i bnn^ ^ ^ 

Finally, and preferably^^^ 
contacting step, albeit not so far pnor to the "J^J* to aosslinked fibrin. Otherwise, all of 

to fibrin poiymer or all of the noncrossnn e "^ r ^JJKSL--lntad fibrin will be converted to 
the fibrin monomer wOl be converted I to f*nn «™ sea , ant ^ embodiment is 

crosslinked fibrin, prior to the contacting step ^^Jj™ Corner or noncrossiinked fibrin with a compo- 
carried out by mixing the composition compnsmgl *^ J^^SS- fibrin to crosslinked fibrin, 
sition that can convert the fibrin monomer to f.bnn poKrner or the noncm. ^ ^ 

prior to the contacting step. Since it takes about 30 -^^j^^^han about 3 seconds prior 
Version step should not begin more than abou 30, ^^^^S!^ amount of the com- 

=^ - - — 8te and * - 

r^^r-SL monomertoffcrin ^^S^^^^ 
can be carried out by any technique that is «*» •+> 

carried out depends on the source^ the «r^^^^^ 

step.the^ 

The double-barrelled synnge can be Y-snapea. inereuy k» « , conversion step to mix Imme- 

ffcrinmonorr^rornoncro^ 

diately prior to the contoctmg step. M»^r than ujY sha P^ ^ ^ desired site and 

syringe with two openings can be uWaed-Tta permrts ^^'^o the compositions of the double-barreOed 
conversion tofibrin polymer or crossl.nked.bnn to take ™ ^ ^ 57:381 (1991) . 

syringe can be sprayed onto ; ^^2££E2 fibril is Wood, then as dis- 

,f the source of the °2^«22^3S£ h prothrombin, factor X... and other neces- 
cussed above, it is bel.eved that the r^^*VJ^ „ Drin to cr08 sllnked fibrin. e.g.. activators 
sary substances to convert such fltannmm ^^"^^^^^ , ibri „ has not been sol- 
of prothrombin. If the noncrosshnked f.bnn is a ^^^i^ b the activatlon of prothrombin and 
ubifeed. the noncrossiinked fibrin can be » nv ^ e J^ out by contacting the 

factor XHI of such composition * ^ inciude calcium chloride, pre- 

^fttet^ 
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prfe * g fitrfn monger sue* that the ftorfn ™— 
such composition with any suitabie alkaline b |f 
HEPESrsodium^ydrox^^ 

carbonate and potassium bicarbonate, ^^^^^^^^S o.5*.75M Sodium 

Preferred a.kaiine buffers « 

bicarbonate/NaOH pH 10.0, 1 .5M ^^■ W ^J^i^ ( S»S, p H 8.5. 0.5M Tricine pH 8.5. 
acid (BES) P H 7.5. 1M "^ ^^8)^8 0 1 M Trishydra^ethyl Lnoethane suiphonic acid 
1M Morpholino propane sulphomc acid (MOPS) pH \UO. im i i nsny y , 05 _ a75M sodium car- 

^^Ta^ 

to «rr a Si^ 

» preferred the! .bout <0 perte to .boot one pari * "J^J^JJJSS,,. „ 8h0uM be noted thatthe 

desired site. f carbonate/bicarbonate buffer, then the source of calcium 

about 5 mM to about 50 mM. rftnardless of which form of noncros- 

„ fe believed that the resulting fibrin clot w,ll be cnrtnM HNbnnlJ ^^S^MOMlW-dfMn is . 

If the desired site conta.ns blood and a composit.on oompm ng cri aotropic agent or 

crosslinked fibrin has been solubiiized. then this fc *"^e^'2 H ^j£L buffer need be utfl- 
to raise the pH of the composition 3" 8 '"^^ the add buffer or cha- 

SeTs^^^^ 

clot forms. «moosltlon comprising fibrin monomer does not retain enough 

However. It should be noted, that if the ^P 0 ^ 0 " «™P" ,3 stl „ useful as a fibrin sealant 

unitsfactorXlllpermlrfcom,^^^^^^^ 

plied by the blood or body fluids at the desired site or by the a* ^ ^ erably at a 
Uprising fibrin monomer. Nonlimitlng source* :ot f^^^^^^^^tU^ 
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monomer can be added or the thrombin can be ^S^S^Sl cultures that secrete fibrinogen 

Ifthe source of the composition compns ing 
-or recombinant fibrinogens the noncrosshnked f ^"^SSS^ Precursors to activated factor 
not been solubDized. then a source of *Um ^SS^SSZSlI--. sources of noncros- 
XiiOmustbeutil^dtoformao^ked^ 
sllnked fibrin do not containanyfactormTheart^ 

noncrosslinked fibrin at a final concentration of from about ^1.0 te ^bout u j ^ 

comprising noncrosslinked fibrin, ^natively the fac^ ^ 
the desired site or by the addition of autologous J^T^J^X^Lii^ of 30mM. Alterna- 
ting sources of caelum tan. nndude ^^^^t!^ at the desired stte. Also, 
lively, and less preferred, calcium ions can be auppUed ioy weo ^ crosslinked fibrin II is formed. 

vertedtofibrinpolymerdepen^ 

The formation of fibrin polymer «^^^n^cfi^of«l*in ions and ac- 
mer. if desired, can then be converted feNMAj J < h \1, thrombin to the composition comprising 
^tedfadorXlli (or precursors to actwatedfecto« 

fibrinmonomer.es described ab*vej^ 

crosslinked fibrin by the Wood or body fluids at 

comprising noncrosslinked fibrin. *»J^;*;i^^ noncrosslinked fibrin, 

the desired sfte or by the addition ^^f^.^^^^^^ce^n of 30mM. Alterna- 
Nonlimiung sources of calcium tons induce ^^SSTS^ bldyTuids et the desired site. From 

^u^o!^ 

monomer or noncrossl.nked f .bnn See M ; & ££"^ ™ v Ronfard el aL| Burn s. 11:181-84 (1991); T. 
(1985); AEderie et ?. Cancer. 6^636^ 992); F. Greco. J. 
Sakurai et al.. J. Control. Release 18. ^™™>^- J cnB ^ Journal of Surgical Research. 50:175- 

^^^^ 

■ -adjuvant is the same as that utOizec I in contain as a first component a compc- 

The subject invention also provdes f .bnn sealant tate The worn corm polymerizing 
sition comprising fibrin monomer and a """'^ ^rmed . ThVTecond 

the fibrin monomer or distilled water. ^^J^T^^Xe^ component can be a corn- 
component can optionally contain a source of t ^«^J™S!«n be a source of caldum tons. If the 
position comprising noncrosslinked fibnn and ^T^^^^m is nom cell cultures that 
source of fibrinogen utilized to prepare a ""f^?;^ comprising noncros- 

XIII. 

5. EXAMPLES 

. ■ ,n»> PREPARATION f« nu WHOLE BLOOD 

mately 50 mJ) is d«M and tta cakfcr «WP~* by inrnUor. Asain. 100 ml whole Uocd 
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• .o-H ™,pr a filter exhibitino aood protein transmission by means of peristaltic pump. The pressure drop 
'Z^Z^ZS!^ Lg forced through w«h c*l.u.ar components remaining in the recir- 
-<^8ting-tt«>drPlBsrrM50ml^ — 



5 s.2. IMMOBILIZATION OF BATROXO BIN ONTO BEADED AGAROSE 

Beaded agarose (Pharmacia) was employed in immobilization studtes. The agarose used I cjoss- 
n^M-lssum (90% of particles). This material swells to 5 times its volume when hydrated. Batroxobin Is 
Sidteed S 0°M soZ peJodate for 1 hour at room temperature in a covered scintillator , vtaL The 
first oxidteed with *"™ [ p sephadex PD-10 gel permeation column. The oxidised batroxobin 

10 ^lZZ7^e!^T a X^ overnight at'room temperature h, SOmM sodium acetate 
2?;S sSTborohydride (30-200U per 1 .75g moist gel). The non-bound reactions are removed 
£m the^J by washing w^h>50 ml mM sodium acetate P H5.5. 100 m. SOmM glycine/1 M sodium chlonde 
So ?00 m?50mM sodium carbonate/1 M sodium chloride P H10.0. 100 rrd SOmM s °" 
Cie PH7 0 100 mi water.100 ml SOmM sodium phos P hate/1M sodium chloride pH7.0. 100 ml SOmM 

sodium phosphate pH7.0. 



s a REACTION OF IMMOBILIZED ENZYMF WITH PLASMA FIBRINOOFN TO FORM ACOMPOSITION 
COMPRISING NONCROSSUNKED FIBRIN 



- - Tte immobilised-er*vme.<^^ 

nsnHu mixed for 7 to 20 minutes until a non-crosslinked fibrin I polymer dot Is formed. 
9 IT^^Z^ tssociaM immobllteed enzyme is then harvested by e»her a ^ntnfugaUon at 
3 oflSTlH flutes foLed by removal of the supernatant serum by decantation or V"^*""** 
* »=S« i«w nrotein bindino filter followed by discarding the filtered serum and reta.ning the f .bnn I polymer 

25 ^ilobii^r^ 

noncrosslinked fibrin. 

c , en, ■ , H „ .7AT.ON OF THE FIBRI N ■ POLYMER TO FOR M A COMPOSITION COMPRISING FIBRIN 
so MONOMER 

repdymerizing buffer to form a fibrin sealant. - 

^ * RPPOLYMERIZATION OF THE COMPOSITION COMPRISING FIBRIN I MONOMER 

Repolymerization is achieved bysimulteneous mixing of9 parte of the solution comprfain^ 
with 1 wrtof a suitable repolymerizing buffer. e.g., 0.75M sodium carbonate/sodnim b.carbonate, pH 110 0 
™ 1 1 mMna ran be altered' however, a 9:1 ratio maintains the high concentration of fibnn in the final 
p^On^ 

^nrtln J^nole Zstratlons of individual aspects of the invention. Indeed, various modif icabons of the subject 
Sonin^ 

The forejlg description. Such modifications are intended to fall within the scope of the appended claims, 
c . uvn PA7 .nP ACTIVATION OF AG A ROSE AND COUPLING VIA THE CARBOHYDRATE MOIETY OF 
THE ENZYME 

In order toreactthe carbohydrate moietyof batroxobin with a hydrazide activated support, the sugar must 
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f M be otfdM 1. gh. to. -CHC W This I. >»m«M - £^ Tn.mMur.l.lncuWWI 

tu ruwin k n QO , wA/ cnrf um ch onde. 



agarose Is used the coupling procedure * odfcimaeel- ,pH6 5. To the suspension Is added 

part 0.75M sodium carbonate/bicarbonate pMO.O. 

c t tmf FKIZYME CAPTURE SYS TFM USING BIOTIN-AVIDIN 

Enzyme capture k performed by first btotiny.ating the batroxobin and capering the biotin-enzyme with 
immobilised avidin (avidin - coupled to 6% t ^^J^^' nM |n thfe instance . N-hydroxysuccinl- 

Midi. «m sum. 0^^'^S!^n^^SSZ^ » «~ 



Claims 

1. Fibrin which is fibrin monomer for use in a method of treatment of a human or animal body by which a 

f ihrin sealant is formed, which method comprises: 

forming said fibrin sealant 

2. The fibrin of daim 1 wherein said fibrin monomer Is * ete *f* 

noncrosslMked fibrin I, des BB fibrin and noncrosslinked fibrin II. 

3. The fibrin of claim 2 wherein said fibrin monomer Is fibrin I. 

4. The fibrin of any one of claims 1 to 3 wherein said fibrin polymer is fibrin II polymer. 

5. The fibrin of any preceding daim wherein said fibrin polymer is crossllnked. 
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6. Thefibrinofanyprecedingd^ 

-7 The fibril any -preceding dairn-wherelnsa^ selected from blpod._ 

cell cultures that secrete fibrinogen and recombinant fibrinogen. 

a The fibrin of dalm 7 wherein said source is Wood. 

9. The fibrin of daim 7 or 8 wherein said blood is autologous blood. 

10. The fibrin of any preceding daim wherein said composition further comprises prothrombin, activators of 
prothrombin and factor XIII. 

11. Thefibnnrfanyp^ingcfc^^ 
or distilled water. 

12. The fibrin of daim 11 wherein said alkaline buffer or distilled water further comprises a source of caldum 



ions. 



citric acid, salts of acetic acid and salts of sulfuric acid. 

0.5-u.f om »™ u ™ o 5 - 1 0 M Bis hydroxyethylaminoethane sulphonic acid (BES) pH 

Jno J^SSSE (MOPS? P H 8.0. 1M Trishydoroxymethy. aminoethane su.phon.c add (TES) 
pH 8.0 and 0.5M Cydohexylaminoethane sulphonic acid (CHES) pH iu.u. 

phonic acid (BES) pH 7.5. 1M Hydroxyethylpiperazine propane sulphomc acid (EPPS) pH 8.5 and 1M 
Trishydroxymethyl aminoethane sulphonic acid (TES) pH 8.0. 

buffer or distilled water. 

17 The f Mi any preceding daim wherein said composition is an aqueous composition and has a pH of 
from about 1 to about 5 or comprises a chaotropic agent 

acid, adipic add and salts thereof. 

19 The fibrin of daim 18 wherein said add buffer is selected from 
' sucdnic acid, aspartic acid, adipic add and salts of acebc acid. 

20. The fibrin of daim 19 wherein said add buffer is sodium acetate. 

21. The fibrin of any one of daims 18 to 20 wherein the concentration of said add buffer Is from about 0.02 
M to about 1 M. 

22. The fibrin of daim 21 wherein said concentration is from about 0.1 M to about 0.3 M 

24.Th.f»»l n .f.- V on.<*d.i™i7lo23wt,.»intl»eonc S nWio n «I ! .Kl *»Wplc agent is from about 

0.2 M to about 6.0 M. 
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25. The fibrin of daim 24 wherein said concentration is from about 3.5 M to about 5.0 M. 

2 X WfiblinW^ 

ution is from about 10 mg/ml to about 200 mg/ml. 

27. The fibrin of Cairo 26 wherein said concentration is from about 20 mg/ml to about 100 mg/ml. 

28. The fibrin of any one of Cairns 17 to 27 wherein said aqueous composition further comprises a source of 

calcium ions. 

29. The fibrin of any preceding Cairn wherein the desired site is on a mammal. 
30 The fibrin of Cairn 29 wherein said mammal is a human. 

"i,, oonactln. . composition covins f ibrtno».n with . th-ooWn*. w» to convert .aid fib* 
n °^* n ^^ Cf ^Mn«o^inkea^(tDrinMiynWf from Mid composition comprising fibrinogen; arid 

monomer. 

resulting fibrin monomer is passed through said filter. 

35. The method of Cairn 33 ^^^^ 3£S2^ polyacrylamides. po.yviny.aicc- 

posites. 

36. The method of~Caim 35 wherein said support is selected from agarose and silica: 

37 The method of any one of Cairns 32 to 36 wherein said solubilizing step carried out by means of an 

acid, aspartic acid, adipic acid and salts thereof. 

39. Ttam-l-dofd*^^ 

of calcium ions. 

40. The method of any one of Cairns 32 to 39 wherein said separating step t carried out by f Htratlon. 

41. The method of any one of Cairns 32 to 40 wherein said thromb.n-.ike enzyme can convert fibrinogen to 

fibrin I. 

42. The method of any one of Ca.ms 32 to 41 wherein said thrombin-like enzyme Is seiected from Ancrod 
and Batroxobin. 

. . . c „ tn 4, wnlch further comprises removing said thrombln-like enzyme 
19 
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contact said composition comprising fibrin monomer with immobiized avidin. thereby removing said 



44. Ffcn^ichisnon— ^to^^*^*^-******"* 

a fibrin sealant is formed, which method ^jj^ noncrosslinked fibrin; and 

fibrin and noncrosslinked f ibnn II. 
46 Thefibrinofclaim45wherelns a idnoncrosslinkedfibrinisfibrinl. 

' secrete fibrinogen or recombinant fibrinogen. 
48. The fibrin of ciaim 47 wherein said Wood is autologous Wood. 

49 The fibrin of any one of claims 44 to 48 wherein said converung step * carried out by CntaCng sa« 

composition with a source of calcium ions. 

1 to about 5. 

n The - <* « — ' - " 

mg/ml. 

f H«im 50 or 51 wherein said fibrin monomer is selected from fibrin I, des BB 
52. The aqueous composition of claim 50 or 51 wnerein 

fibrin and fibrin II. 

^»; rt n «f Haim 52 wherein said fibrin monomer is fibrin I. 
so 53 The aqueous composition of claim oz wneien. o 

from about 20 mg/ml to about 200 mg/ml. 

- se. i M ^«^ ^»«™^^<™^*°* M1 *™'' i ** ' 

fibrin and fibrin II. 

40 57. The aqueous-cc^^ " T " " 

58 An aqueous composition comprising: 

45 200 mM. 

so prising fibrin monomer. 
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63. T heldtofdaim62v*ereinsaidalkB^^^ 

Ion s. 

64. A kit comprising: Jt -u^. anA 

(a) a composition comprising noncrosslinked f ibnn. ana 
6 (b) a composition comprising a source of calcium ions. 

65. The kit of claim 64 which further comprises activated factor XIII. 

66. A solid support which has on its surface a composition comprising fibrin monomer. 

67. The solid support of claim 66 wherein said solid support is selected from 
a bandage, suture, prosthesis and a dressing. 

68 . Th e solid support of claim 66 or 67 wherein said monomer is selected from 
« fibrin I , des BB fibrin and fibrin II. 

69. The solid support of claim 68 wherein said monomer is fibrin I. 

70. The solid support of any one of claims 66 to 69 wherein said composition is in solid form. 

20 71. The solid supportof any one of claims 66 to-70 wherein said composition is formed by lyophBizing an aqu- 
eous solution comprising fibrin monomer. 
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X denotes OH or a 
(p) denotes protein 

FIGURE 1 ^ 
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